To investigate the antimicrobial, immunological and healing effects of Melipona scutellaris honey on infected wounds of rat skin.
Introduction
All wounds become contaminated, regardless of prevention strategies. Sources of contamination include the local environment, the surrounding skin, and endogenous patient sources 1 .
Unfortunately, health care providers remain an important vector for wound contamination 2 . It is well known that Staphylococcus aureus is the most common pathogen causing these infections and it is able to adapt rapidly to selective antibiotics, resulting in the emergence and spread of methicillin resistant S. aureus (MRSA) 3 .
This has become a severe health problem prompting the search for alternative antimicrobials with a new mode of action.
Among them, increasing attention is currently given to antiinfective drugs based upon naturally occurring peptides. Several alternative therapies have been tested, among which the topical use of substances with high osmolarity 4 , with sugar and its derivatives cited as healing and antimicrobial agents 5, 6 .
Accordingly, the use of honey as a therapeutic element Honey's antibacterial activity is due in part to its high osmolarity, which makes it act as bacteriostatic and bactericidal 7 . Studies have pointed that honey is effective against antibiotic-resistant bacteria such as Staphylococcus aureus and Pseudomonas aeruginosa 8, 9 .
Melipona scutellaris is a wild stingless bee, known as Uruçu, common in semi-arid region of Northeast Brazil. Its honey has been used empirically in folk medicine to treat respiratory diseases, skin and soft tissue diseases. Very few studies highlight the use of Brazilian honeys for potential wound care 10, 11 . This is important, given that most Brazilian people who cannot afford appropriate medical care use their locally produced honeys (Melipona subnitida, Melipona scutellaris, etc) for various therapeutic purposes without knowing their effects, and the scientific mechanisms behind their activity.
In the light of the above, the aim of this study was to examine the effects of Melipona scutellaris honey in the treatment of experimentally induced infected skin wound model in rats.
Methods
The study was approved by the institutional animal research ethics committee and 3R's principle were adhered to. 
Experimental design
The rats were randomly selected and allocated into four groups of six rats each. A power calculation based on earlier studies suggested that 6 animals in each group would be sufficient to detect a statistically significant difference in bacterial count, which was the primary outcome in this study. Group I -rats with uninfected wounds submitted to topical treatment with 0.9% saline solution. Group II -infected wounds treated with saline. Group III -uninfected wounds treated with honey. Group IV -infected wounds treated with honey.
Surgical wounds and treatment
Rats were anesthetized by an intraperitoneal injection of In groups III and IV rats a thin layer of pure undiluted
Melipona scutellaris honey (0.1 ml/cm2) was applied topically to the wound and filled up the wound. It was then covered with plain gauze. In groups I and II the same volume of sterile saline was used. This treatment was applied once a day for 7 days.
The Melipona scutellaris honey was purchased from certified institution, sterilized by x-ray and stored in clean, sterilized bottle at 4°C until use.
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Cytokine analysis
The animals were humanely killed with thiopental 100mg/Kg i.p. A 1cm x 2cm area of skin, including the wound was excised aseptically. Half of the wound was used for measurement of tissue cytokines and other half for histopathology. Samples were homogenized in 1 ml PBS using a tissue homogenizer (OMNI, USA) and were used for dosage by ELISA of tumor necrosis factor-α (TNF-α), interleukin-1ß (IL-1ß) and interleukin 6 (IL-6 ), using PreproTec Kits, (Rocky Hill, NJ,USA).
Histological examination of excised tissues
In order to histologically assess the effects of different treatment modalities on the healing process of infected wounds, samples were routinely processed. Excised wound tissues were fixed in 10% buffered formalin, dehydrated in alcohol, cleared in xylene and paraffin-embedded. Five micrometers tissue sections, including the epidermis, the dermis, and the subcutaneous panniculus carnosus muscle, were cut and stained with haematoxylyn and eosin and Masson's Trichrome. All subsequent analyses were performed by an observer blinded to treatment. The specimens were assessed under light microscopy.
The quantitative analysis was made as to the amount of leukocytes, fibroblasts and collagen fibers, using a scanner system, and an image analyzer. The total area of the microscopic fields was observed under an optical microscope (Olympus BX50), whose image was captured by Olympus SC30 camera and scanned by the software Image Pro Plus 6.0 (Media Cybernetics-LP, USA). Each scanned field was quantified in pixels with defined coordinates, being evaluated five random microscopic fields per slide. After selecting the desired resolution, the images were stored to quantify the density of histological data.
Statistical analysis was performed with SPSS 20.0 software (IBM, USA) using the one-way analysis of variance (ANOVA) followed by the multiple comparison Tukey's test, considering significant differences at p<0.05.
Results

Microbiology
No animals died due to infection or anesthetics. The culture at 24 h after wounds inoculation of groups II and IV rats with MRSA showed CFU/g count > 1.000. In the 7 th day, the uninfected wounds treated with saline or with honey had no CFU/g of S. aureus count. In group II rats whose wounds were infected and treated with saline the counts of S. aureus cultured in the wound tissues were significantly higher than in the infected wounds of group IV rats, treated with Melipona Scutellaris honey (p<0.01, Table 1 ). 
Assay of TNF-α, IL-1ß and IL-6 in tissue
The treatment of uninfected wounds with honey (group III) stimulated the expression of TNF-α and IL-1ß cytokines.
Comparing the values with those observed in the uninfected saline treated wounds (group I), the differences were statistically significant (p <0.05). No significant difference of IL-6 tissue dosage was observed in group III rats compared to groups I (control) and II. In the scar tissue of infected wounds treated with honey (group IV) we observed a significant increase (p<0.05) in expression of TNF-α, IL-1ß and IL-6 compared with infected and uninfected wounds of the other groups (I, II, III) ( Table 2) . 
Histopathology
Treatment of infected wounds with honey (group IV)
resulted in density of healing parameters, (collagen, leukocytes and fibroblasts) significantly higher than in the other groups (p<0.01). The treatment of uninfected wounds of group III rats with honey has raised collagen, fibroblasts and white blood cells with higher density than in group I and II, featuring significant difference (p<0.01) ( Table 3) . 
Discussion
We studied the effect of Melipona scutellaris honey on infected wound healing, mainly MRSA staphylococcal infection.
Our interest for honey is primarily due to their strong activity mainly against Gram-positive bacteria 4, 5 . Honey is composed of about 40% fructose, 20% water, amino acids, vitamins (nicotinic acid, pyridoxine, and thiamine), enzymes (diastase, invertase, catalase, and glucose oxidase), hydrogen peroxide, and minerals (potassium, iron, magnesium, phosphorus, copper, zinc and calcium) 13 . In our study, the microbiological evaluation of infected wounds in groups III and IV rats showed antimicrobial activity of Melipona scutellaris honey against MRSA. The results of this study showed that honey has clinical potential to be used to prevent and control Grampositive infections (Staphylococcus). In vitro study conducted by
French et al. 14 demonstrated that honey was antimicrobial effect in coagulase-negative Staphylococcus.
The antibacterial activity of honey is related with some properties: it is a supersaturated solution with strong osmotic activity, the pH is between 3.2 and 4.5, and this acidity is sufficient to inhibit the growth of many microorganisms. In our laboratory 10 we demonstrated that the pH of M. scutellaris honey was 3.85.
Hydrogen peroxide produced by glucose oxidase is certainly the most important antibacterial factor of honey and several other phytochemicals and immunochemical factors are being evaluated 15 .
Comparative study of honey and sugar showed that honey is more effective against wound infections 16 . A study conducted in our laboratory using Melipona subnitida honey, another wild stingless bee, known as Jandaíra, common in semi-arid region of Northeast Brazil, demonstrated significant antimicrobial effect in skin infected wounds 11 .
In the present study the histopathology of infected . It has also been suggested that the stimulation of TNF-α production may exert much of its beneficial effects by affecting the increasing levels of IL-6, that is released in response to multiple stimuli, with TNF-α, IL-1ß and endotoxins being potent agonists 22 . Thus TNF-α, through its important effects on the recruitment of inflammatory cells and on the substrate metabolism, seems to be essential in promoting the early inflammatory response required for wound healing. However, its local and systemic persistence may lead to impaired wound maturation. In the current work we studied wound healing until the seventh day, consequently we observed the beneficial effects of high levels of TNF-α on early healing tissues. IL-6 is an other pleiotropic cytokine with significant impact on healing. It is mitogenic for keratinocytes 23 , and its contribution to epithelialisation has been demonstrated.
Interstingly,TNF-α also induces IL-6 production by keratinocytes,
indicating an important synergistic relationship between these two cytokines; it also stimulates reepithelialisation 24 .
No study has been undertaken to test the antimicrobial .
Conclusion
Honey of Melipona scutellaris is effective in the management of infected wounds, by a significant bacterial growth inhibition, and positively influences the cytokine expression and wound repair.
